SUMMARY
INTRODUCTION
Currently, maize is one of the most significant culture crops of the world. In 1990, the global maize production was 484 million tons, which increased to 1.060 million tons by 2016 (FAOSTAT, 2018) . The increase of maize production is the most dynamic among the different cereals. Due to its fundamental role in feeding the world's population and the rapid increase of its production, maize has become one of the most important culture crops of the world (Nagy, 2008) .
Within the European Union, Hungary has an outstanding position concerning maize production, with a sowing area between 1-1.2 million hectares (Nagy, 2018) . Maize has a 26.1% ratio of the sown area in Hungary. Averaged over the twenty years between 1998-2017, the sowing area of maize was 1.110 million hectares, with the extremes being 2017 (drought -988 million hectares) and 2011 (1.285 million hectares). In the same period, the average yield of maize was 6.1 t ha -1 , with the extremes being 2007 (3.7 t ha -1 ) and 2016 (8.6 t ha -1 ) (HCSO, 2018) . Climate change significantly affects yield safety and maize yield is going to decrease in the next 20 years (Mukesh et al., 2017) . In order to overcome this problem, it is important to choose the proper hybrids, which greatly determine yield and quality (Izsáki, 2006; Győri, 2010; Pepó, 2017) . In addition, the increased water need of the crop due to climate change may also result in yield decrease, which can be eliminated by choosing stress-tolerant maize hybrids that can endure high temperatures (Islam et al., 2012; Marton et al., 2012; Jolánkai et al., 2016) .
As in the case of all crops, proper nutrient replenishment is indispensable also for maize. Fertilisation has a positive effect on maize yield and it is significant in the uptake of both macro-and microelements (Berzsenyi and Lap, 2003; Csajbók, 2005; Ványiné Széles et al., 2012a; Árendás et al., 2014; Nagy, 2017; Seyyed et al., 2018) . Nitrogen supply has the greatest role in obtaining high yields (Sárvári and Pepó, 2014; Graming et al., 2017; Széles et al., 2018b) . The obtained findings showed that nitrogen applied on the spot and specifically in conformity with the differences between hybrids could increase maize yield (Soil Science Society of America, 2007; Noha and Znag, 2012) .
The 'greenness' of maize leaf depends on the chlorophyll content of the crop, which is affected by various factors (Ványiné Széles and Nagy, 2012) . Schepers et al. (1992) showed a close correlation between relative chlorophyll content (SPAD readings) and the N supply level of the crop, similarly to several other researchers who came to the same conclusion (Evans, 1989; Niinemets and Tenhunen, 1997; Berzsenyi et al., 2006) . Consequently, nitrogen in the maize leaf is incorporated for example into chlorophylls (Rasmus et al., 2009) . A significant increase of relative chlorophyll content (SPAD readings) and the vegetation index (NDVI) can be observed at the R1 phenophase as a result of applying 90 kg ha -1 nitrogen (Kesi and Pawel, 2012 
MATERIALS AND METHODS
Production site description: Our examinations were performed at the Látókép Experiment Site of the University of Debrecen, Hungary (47° 33' N, 21° 26' E, 111 m asl), on calcareous chernozem soil formed on loess. The small-plot long-term field experiment had a strip plot design. Measurements were performed under natural precipitation supply conditions on the maize hybrid Renfor (FAO 320) in 2016 (FAO 320) in , 2017 (FAO 320) in and 2018 Soil. Based on the soil analysis results of 2012, the average pHKCl value of the soil was 6.6, i.e. slightly acidic, which is optimal from the aspect of the nutrient uptake of crops. The Arany plasticity index was 39 in the upper (20 cm) layer of the soil and the total amount of water-soluble salts was 0.04%, i.e. low salt content. The carbonic chalk content was around 0% in the upper 80 cm layer of the soil, i.e. the soil is chalk-deficient, but the chalk content increases to 12% from a depth of 100 cm; therefore, the soil is moderately chalky. The organic matter content is 2.3% in the upper 20 cm layer. This value does not exceed 1.0% at the 120 cm depth of the soil. The potassium supply of the soil is adequate, while its P supply can be considered average.
Experimental details. In addition to the nonfertilised (control) treatment, N fertiliser doses were applied as base and top dressing. The 60 and 120 kg N ha -1 base dressing doses were followed by two top dressing doses at the V6 and V12 phenophases (+30 and +30 kg N ha -1 Climatic characterisation of crop years. Weather was evaluated based on the data measured and logged by the weather station installed at the experiment site. The obtained results were compared to the means of the period between 1985-2015 (30-year average) .
The growing season of 2016 was rich in precipitation. The sum of precipitation was 450 mm, which was 110 mm higher than the 30-year average (340 mm). April was dry as there was less than 15 mm rain, which was well below the multiple-year average of 45 mm. There was 69 mm rain in May, which was 17% higher than the average. The amount of rainfall was 146 mm in June, which was twice as high as the average amount of precipitation (69 mm) and one third of this amount arrived in only one day. July, August and September were rainy. The amount of rainfall was more than 20% higher than the average in all three months. There were 48 rainy days during the growing season of 2016, with 40 days when it rained more than 10 mm. The amount of rain was higher than 20 mm for five days and there were only three days with the amount of rain lower than 10 mm. The month of sowing in 2016 was significantly warmer than the average (+1.8°C), while May was 0.9°C colder. In June, the temperature was 1°C higher than the average, while July was average. In contrast, a temperature decrease was observed in August (0.5°C), while September was warmer than the average (by 1.3°C). 35 heat days were observed during the growing season.
In the first month of the growing season of 2018, the amount of rainfall was 18% higher than the average. However, there was a decrease in precipitation in May and June. The amount of rain was 11 mm higher in July, but 13 mm less in August in comparison with the average. Both months can be considered rainy. The temperature in July was average, but the monthly mean temperature was 1.8°C higher and the amount of precipitation was significantly lower than the average. However, there was nearly twice as much rain in September than the multiple-year average. 349 mm rain was observed during the growing season. The first three months were rainier than the average, while there was significantly less precipitation than the average during the other three months. At the beginning of the growing season, the temperature was lower than the average, however, in the critical month of June, it was 1.8 °C higher. Altogether, the mean temperature of the growing season was similar to the average.
The growing season of 2018 was poor in precipitation. The total amount of rainfall was 311 mm during the growing season, which was lower than the average. There was 37 mm rain in the first month of the growing season. In the second half of May, 60 mm precipitation was observed in 7 days. There were 13 rainy days in June and 61 mm rain was observed during the month. August was the rainiest month with its 98 mm precipitation, which was 21% of the total amount. There was 13 mm precipitation in the month of harvesting, which was 27% lower than the average. The temperature of the growing season was 2.1°C higher than the average.
Statistical evaluation. A general linear model (GLM) was used to evaluate the correlation between the dependent variable (SPAD readings, yield) and the production factor (fertilisation, crop year). Duncan's test was used to compare yield and its mean values. Evaluation was performed using SPSS for Windows 21.0.
RESULTS AND DISCUSSION

The effect of N fertilisation and phenophases on the relative chlorophyll content of maize
The effect of fertilisation on SPAD readings was examined. Averaged over the three examined years, in accordance with the findings of Ványiné Széles (2008) , Vig et al. (2010) , Bónis et al. (2011) and Micskei et al. (2014) , SPAD readings were affected by increasing fertiliser doses at a significance level of 0.1%. A significant correlation was observed between phenological phases and fertilisation (P<0.001).
The effect of different treatments on the chlorophyll content of maize was examined with Duncan's test, which resulted in two homogeneous groups that significantly differed from each other (P<0.05) ( Figure  1) . The lowest SPAD reading was observed on the nonfertilised plot (41.6), from which the SPAD readings of all fertiliser doses differed. The highest SPAD reading was obtained in the case of the (V6_150) treatment (52.1). The lowest fertiliser dose (A_60) increased SPAD readings by 12.7%. The difference between the base treatments of A60 and A120 kg N ha -1 was only 2.3%. The 60 kg N ha -1 base dressing was followed by 30 kg N ha -1 in the V6 phenophase, resulting in a 3% increase in SPAD readings. The (V6_150) treatment showed an increase in SPAD readings by 3.1, which resulted in a 6.5% increase in comparison with the (A_120) treatment. The Duncan's test showed that the lowest SPAD reading (39.8) was obtained at the V6 growth stage, which significantly (P<0.05) differed from the SPAD reading measured at the V12 phenophase (48.2). The relative chlorophyll content further increased by the R1 growth stage (50.8), but this increase did not show any significant difference (Figure 2 ). Note: based on the Duncan's test, yields marked with different letters significantly differ from each other at the probability levels of P≤0.05
The impact of N fertilisation and phenological phases on the chlorophyll content of maize in different crop years The effect of fertilisation on SPAD readings was observed in crop years with different precipitation supply. The obtained results were evaluated for each year ( Table 1) .
The lowest SPAD reading (46.0) was obtained at the V6 phenophase in the non-fertilised treatment in 2016 and there were no significant differences between the SPAD readings of fertilised plots. At the V12 growth stage, the base dressing of 60 and 120 kg N ha -1 increased SPAD readings, but the difference was not significant. The (A_60) base dressing was followed by a 30 kg ha -1 dose in the V6 growth stage (V6_90), which did not result in a significant difference either. The highest SPAD reading (55.9) was obtained in the case of the (V6_150) treatment, i.e., the highest dose treatment of 120 kg N ha -1 base dressing+30 kg N ha -1 top dressing treatment. Compared to the control treatment, only the 60 kg ha -1 base dressing resulted in a significant increase of the SPAD readings at the R1 phenological phase. Duncan's test was used to examine the effect of the fertiliser dose applied at the V6 growth stage in 2017, resulting in a single group of treatments. In this phenological phase, fertilisation did not have any relative chlorophyll increasing effect. At the V12 phenophase, the lowest SPAD reading was obtained in the non-fertilised treatment, from which all other fertilised treatments significantly differed. By applying the 60 kg N ha -1 base dressing, the chlorophyll content of maize increased by 5.3. The highest SPAD reading (48.2) was obtained in the case of the (V6_150) treatment, which did not show any significant difference from the other fertiliser treatments. At the R1 phenophase, the Duncan's test resulted in three homogeneous groups. The SPAD reading of 39.7 of the non-fertilised treatment could be well distinguished from the other fertiliser treatments. The 60 kg N ha -1 base dressing increased SPAD readings by 11.7. No significant differences were observed between the (A_60), (A_120) and (V6_90) treatments. The (V6_150) treatment was shown to be the most effective and a significant increase in SPAD readings (by 6.3) was observed in comparison with the (A_120) treatment. Note: based on the Duncan's test, yields marked with different letters significantly differ from each other at the probability levels of P≤0.05 Note: based on the Duncan's test, yields marked with different letters significantly differ from each other at the probability levels of P≤0.05
Due to the dry crop year of 2018, fertilisation had a SPAD reading decreasing effect at the V6 growth stage, in comparison with the non-fertilised treatment, but this decrease was not significant. At the V12 phenophase, the highest SPAD reading was obtained in the (V6_150) treatment (55.6), which resulted in a significant increase of 10.5 in comparison with the nonfertilised treatment, while there was no significant difference from the other fertiliser treatments. At the R1 growth stage, the most effective treatment was shown to be the (V6_90) treatment (55.7), showing a difference of 14.4 from the non-fertilised treatment and it significantly differed from the other fertiliser treatments.
The effect of crop year and N fertilisation on the relative chlorophyll content of maize in different phenological phases T test was used to perform yearly comparison of the different fertiliser treatments. At the V6 phenophase, significant difference was observed between the rainy year of 2016 and the average crop year of 2017 in all treatments, except for (V6_150). The biggest difference was observed in the case of the base dressing of 120 kg N ha -1 , as the SPAD readings decreased by 20.3 in 2017 (P<0.01). Compared to the wet year (2016), a decrease in SPAD readings was shown in the dry crop year (2018), but this decrease is not significant in the case of the base dressing of 60 kg N ha -1 , followed by 30 kg N ha -1 in the V690 treatment. A significant difference was observed in the non-fertilised treatment, as well as the A120 and V6150 treatments (P<0.05). Differences were observed between the SPAD readings of all treatments in both 2018 and 2017. In 2017, an increase in SPAD readings was shown. However, this difference was significant only in the non-fertilised treatment (P<0.01).
At the V_12 phenophase, compared to the wet year (2016), the relative chlorophyll content decreased in all treatments in the average crop year (2017), but this decrease was not significant. The observed difference was similar also between 2016 and 2018. In 2018, a decrease of SPAD readings was observed in all treatments, but this decrease was not significant. Compared to 2017, the relative chlorophyll content increased in 2018, but this increase was significant only in the non-fertilised treatment (P<0.05). At the R1 growth stage, the relative chlorophyll content decreased in all treatments in 2017, compared to 2016. However, significant differences were found only in the non-fertilised (P<0.05) and the (A_120) treatments (P<0.05). None of the treatments showed significant differences between 2018 and 2016, as well as between 2018 and 2017.
The effect of N fertilisation on yield
Considering the three examined years, yield decreased in he recent years (Figure 3) due to the small amount of rainfall and the higher mean temperature.
In the wet year of 2016, the yield of the nonfertilised treatment was 10.42 t ha -1 . Compared to the non-fertilised treatment, similarly to the findings of Széles et al. (2018a) , the 60 kg N ha -1 base dressing (A_60) significantly increased yield (14.8%, P<0.05). The 0.50 t ha -1 increase between the (A_60) and (A_120) base dressings was not significant. The base dressing treatment of 60 kg ha -1 was followed by another 30 kg N ha -1 at the V6 phenophase, resulting in a yield increase of 2.55 t ha -1 (P<0.05). Yield increased as a result of the (V6_150) treatment (2.60 t ha -1 ; P<0.05) in comparison with the 120 kg N ha -1 base dressing treatment (A_120). The highest yield was provided by the (V6_150) treatment (15.10 t ha -1 ), but no significant difference was observed from the yield resulting from the (A_120) treatment.
In the average crop year of 2017, the yield observed at the time of applying the 60 kg N ha -1 base dressing treatment showed a 45.8% increase in comparison with the non-fertilised treatment (P<0.05). The difference in yield between the 60 and 120 kg N ha -1 base dressings was not significant. Maize yield did not respond to the 60 kg N ha -1 base dressing followed by 30 kg N ha -1 at the V6 growth stage (V6_90) with a significant increase. Compared to the (A_120) base dressing, the top dressing (V6_150) applied at the V6 growth stage resulted in a significant difference of 23.6%. The biggest significant yield increase was provided by the (V6_150) treatment.
The yield of the non-fertilised treatment was the lowest (7.20 t ha -1 ) in the dry crop year (2018). The base dressing of 60 kg N ha -1 resulted in a yield increase of 48%. The difference between the (A_60) and (A_120) base dressings and the (A_60) and a further 30 kg N ha -1 applied at the V6 phenophase (V6_90) was not significant. The (A_120) treatment followed by a further dose of 30 kg N ha -1 (V6_150) resulted in a yield surplus of 15.8%. Note: based on the Duncan's test, yields marked with different letters significantly differ from each other at the probability levels of P≤0.05
The effect of crop year and N fertilisation on yield Comparing the yields of the wet (2016) and average crop year (2017), it can be concluded that the yield significantly decreased in all treatments in 2017, except for (A_60). The biggest significant difference was observed in the (V6_90) treatment (3.03 t ha -1 , P<0.001). Yield increase was shown at the level of 0.1% in the non-fertilised and the (A_120) treatment and at the level of 1% in the (V6_150) treatment.
In the dry year (2018), there was a significant yield decrease in comparison with the wet year (2016) in all treatments. This decrease was significant at the level of 0.1%, except in the case of the (A_60) treatment, the decrease of which was not significant. The biggest yield difference was observed in the (V6_90) treatment.
In 2018, yield decreased in all treatments in comparison with 2017. The yield decrease was significant in the A120 (0.78 t ha -1 , P<0.5) and the (V6_150) (1.77 t ha -1 , P<0.01) treatment. on a multivariate ANOVA. Based on the MQ value, phenophase had the highest significance, followed by crop year and N fertilisation. The observed interactions were significant, except for crop year x fertilisation (P<0.001). The ANOVA performed for each year showed the modifying effect of different phenophases (P<0.001). However, based on the MQ value, N fertilisation had a primary role (P<0.01) in changing the relative chlorophyll content in the wet year (2016). The observed interaction (phenophase x N fertilisation) was significant in each year. The level of significance was 5% in 2016 and 2018 and 1% in 2017. According to the multivariate ANOVA of the threeyear yield data, the effect of treatments (crop year, N fertilisation) on yield was significant at the level of 0.1%. The effect of the interaction between crop year x N fertilisation showed a significant difference at the level of 5%. The ANOVA performed for each year showed that N fertilisation was significant at the level of 0.1% in all three years.
